Abstract We have analyzed the ranging patterns of the Mimikire group (M group) of chimpanzees in the Mahale Mountains National Park, Tanzania. During 16 years, the chimpanzees moved over a total area of 25.2 or 27.4 km 2 , as estimated by the grid-cell or minimum convex polygon (MCP) methods, respectively. Annually, the M group used an average of 18.4 km 2 , or approximately 70 %, of the total home-range area. The chimpanzees had used 80 % of their total home range after 5 years and 95 % after 11 years. M group chimpanzees were observed more than half of the time in areas that composed only 15 % of their total home range. Thus, they typically moved over limited areas, visiting other parts of their range only occasionally. On average, the chimpanzees used 7.6 km 2 (in MCP) per month. Mean monthly range size was smallest at the end of the rainy season and largest at the end of the dry season, but there was much variability from year to year. The chimpanzees used many of the same areas every year when Saba comorensis fruits were abundant between August and January. In contrast, the chimpanzees used several different areas of their range in June. Here range overlap between years was relatively small. Over the 16 years of the study This paper would not have been possible without the late Professors Toshisada Nishida, Kenji Kawanaka, and Shigeo Uehara, whose pioneering research at Mahale contributed substantially to the data reported here. Copyright issues preclude listing them posthumously as authors, though they deserve to be. we found that the M group reduced their use of the northern part of their range and increased their frequency of visits to the eastern mountainous side of their home range. Changes in home-range size correlated positively with the number of adult females but not with the number of adult males. This finding does not support a prediction of the maledefended territory model proposed for some East African chimpanzee unit-groups.
Introduction
Chimpanzees (Pan troglodytes) eat mainly ripe fruits (Nishida and Uehara 1983) . Because fruit is patchily distributed, they move relatively long distances every day to satisfy their nutritional requirements. Chimpanzees form multi-male, multi-female unit-groups (Nishida 1968) or communities (Goodall 1986 ) that consist of approximately 50 members. Unit-groups, however, can be as small as 12 individuals (Sugiyama and Fujita 2011) and as large as more than 180 chimpanzees (Mitani unpublished data) . Members of unit-groups rarely forage together but usually split into smaller subgroups (Nishida 1968) or parties (Sugiyama 1968) . Several different terms are used in the literature to describe the same forms of aggregation pattern of Pan species; this can lead to confusion (reviewed by Van Elsacker et al. 1995) . Throughout this paper, we use the term ''unit-group'' to refer to the largest social group, corresponding to Level I of Van Elsacker et al. (1995) or ''community'' used by some researchers. When referring to a given unit-group with a proper noun, we just use the term ''group'', for example ''Mimikire group''. We use the term ''party'' for a lower level of flexible aggregation, basically corresponding to Level III of Van Elsacker et al. (1995) . Itoh and Nishida (2007) distinguished two levels of party for Mahale chimpanzees: ''face-to-face party'' and ''nomadic party''. The former is a smaller aggregation and basically defined by visual contacts among members. The latter level is a larger aggregation, sometimes as large as the entire unit-group. Such a large aggregation is often found in a particular season at Mahale. Members in the nomadic party travel in approximately the same direction maintaining acoustic contact, but not always visual contact, with each other. Thus we use the term ''nomadic party'' (this may correspond to Level II of Van Elsacker et al. 1995) when specifically referring to these larger aggregations.
There is much variability in the home-range sizes of wild chimpanzees (Table 1) . Chimpanzees in drier habitats, for example Ugalla (Ogawa et al. 2007 ), Fongoli (Pruetz 2006) , Mt Assirik (Baldwin et al. 1982) , and Kasakati (Izawa 1970 ), tend to move over large home-range areas of up to several hundred km 2 . Chimpanzees in some of these savanna habitats are unhabituated to human presence, and thus difficult to follow. As a consequence, some of these values are only approximate estimates based on calls or other indirect evidence. In more forested areas, range sizes are usually much smaller, varying from 5 to 40 km 2 (Table 1) . In all long-term study sites, home-range sizes seem to fluctuate across years. At Gombe, for example, home-range size decreased from 12 km 2 in 1975 2 in -1978 2 in to 5.4 km 2 in 1979 2 in -1982 2 in (Williams et al. 2002 . In contrast, the Ngogo chimpanzees acquired an additional 6.4 km 2 area in 2009 (Mitani et al. 2010 ). The home range of a chimpanzee unit-group is often regarded as a ''male community range'' (Wrangham 1979) or a ''male-defended boundary'' (Williams et al. 2002) . Thus changes in the home-range sizes are often explained by the number of males in the unit-group. One reason for this is that the home range of female chimpanzees is usually smaller than that of males (Wrangham and Smuts 1980) . Another reason is that males show defensive behavior against neighboring unit-groups, for example boundary patrolling (Watts and Mitani 2001) . They also sometimes engage in lethal inter-unit-group aggression (Manson and Wrangham 1991; Mitani et al. 2010) . Thus, the home range of a chimpanzee unit-group is sometimes termed a ''territory'' (Boesch and Boesch-Achermann 2000; Herbinger et al. 2001; Mitani et al. 2010) .
Several direct and indirect lines of evidence support the connection between the number of males and the homerange size of chimpanzees. At Gombe, the number of males correlated positively with home-range size from the 1960s to the mid-1990s (Stanford 1999, p. 59 ). This observation is in agreement with Goodall (1986, p. 228) , who argued that changes in home-range size were primarily the result of variation in the number of adult males. In the North group at Taï, a large decline in home-range size from 1992 to 1998 was related to the number of males rather than to the total number of individuals in the unit-group (Lehmann Goodall (1986) Gombe Kasakela 9.6 GC? 500 9 500? Goodall (1986) 13 GC 1972 500 9 500 Wrangham (1979) and Boesch 2003) . The home-range size of the Ngogo chimpanzees also increased dramatically in 2009 (Mitani et al. 2010) . Here it was suggested that the extremely large number of Ngogo males enabled them to successfully attack and kill members of a neighboring unit-group. Male numbers were thus implicated as an important factor affecting range expansion. Finally, the home-range size of the Kanyawara chimpanzees more than doubled from 1988 -1991 (Chapman and Wrangham 1993 ) to 1996 -1998 (Wilson et al. 2001 ). There were 8 adult males in the unitgroup during the former period and 10-11 during the latter, an observation consistent with the hypothesis that male numbers affect home-range size. Despite these data, additional studies indicate that changes in male numbers do not always affect the range sizes occupied by chimpanzees. For instance, the home range of the Gombe chimpanzees declined drastically between 1975-1978 and 1979-1982 . However, this change was unrelated to variation in the number of males in the unitgroup during these times (Williams et al. 2004 ). In addition, the Sonso group at Budongo expanded its range into areas previously occupied by neighbors without concomitant change of the number of males (Fawcett 2000, p. 170) .
Because they are ripe-fruit specialists, chimpanzees alter use of their home range as a function of the location of fruiting trees. Doran (1997) showed that the Taï chimpanzees reduced their travel distance when figs were superabundant and during periods of fruit scarcity, when they switched to a more folivorous diet. In contrast, Boesch and Boesch-Achermann (2000, pp 130-132) showed that monthly range size and the pattern of use of the range changed little at Taï. This was because the chimpanzees there cover long distances each day all year round.
Chimpanzees at the Mahale Mountains in Tanzania have been observed since 1965, making this the second longest study of chimpanzees in the wild (Nishida 1968) . Although previous research has provided some estimates of the home-range size of the Mahale chimpanzees (Kawanaka and Nishida 1977; Hasegawa 1987) , there has been no systematic study of long-term changes in the home-range size of chimpanzees at Mahale. In this paper, we provide data regarding range use by the Mahale Mimikire group (M group). Specifically, we focus on changes in range use and relate these changes to variation in the demographic composition of the unit-group and to seasonal changes.
Methods
Research site, subject, and period
We analyzed data for ranging of the Mahale M group chimpanzees (see Nishida 1990 Nishida , 2012 for details of the research site) for 16 years from 1994 to 2009 (total of 3,537 days or a mean of 221.1 days per year). M group's size during this study period varied from 47 to 70, where the number of adult males was 5-10 and the number of adult females was 16-23 . At Mahale, the rainy season typically starts in October and ends in May (Takasaki et al. 1990) . The research site is on the eastern shore of Lake Tanganyika in western Tanzania. Altitude varies from ca 780 m above sea level at the lake shore to ca 2,460 m above sea level at the top of Mt Nkungwe, the highest peak in the Mahale massif. Most of the area within M group's range is relatively flat and lies below 1,000 m above sea level. However in 1994, we cut an observation trail higher up the mountain (ca 1,200 m) running from north to south. This enabled us to better observe chimpanzees when they climbed up to where researchers had previously given up observation. Thus although ranging data before 1994 are also available, we analyze here only the data after 1994, because it more accurately reflects the apes' use of the home range.
Recording procedure
When following M group chimpanzees, observers recorded the daily ranging route of their targeted individuals or party on a map and these maps were accumulated and pooled as shared data. Collection of ranging data was not completely standardized, given differences in observation method, duration of the day spent following them, and the different research focus of each researcher. However the quality of the data collected is enough to create a picture of longerterm changes. Whenever possible, we recorded the ranging route of the party that included the alpha male, but when his travel route was uncertain, we recorded the route of others in the party under observation. Thus, in this analysis, the home range included places where at least some M group chimpanzees were seen. Researchers recorded the ranging route relative to the location of observers' trails and valleys. Measurement of the observation trails was conducted in the 1980s with accuracy such that when we re-measured some trails by use of GPS, the errors were usually within 30 m (Nakamura unpublished data).
Estimation of home-range size
For this analysis, we divided the ranging map into 250 m 9 250 m grids. When the ranging route on a given day passed through any part of a 250-m grid, we considered that chimpanzees used the grid. When the route re-entered the same grid after use of a different grid, we counted use of the grid twice. Although several methods have been used to estimate home-range size, the minimum convex polygon (MCP) method and grid-cell method are commonly used in chimpanzee studies. The former is most convenient for comparison across sites (Newton-Fisher 2003) . In the gridcell method, range size is calculated simply by summing the area of 250-m cells that were used at least once during a given period. In the MCP method, we a priori considered that the chimpanzee used the center of a 250-m grid, and home-range size was thus calculated as the area of the convex polygon drawn by connecting the centers of the outermost grids. We calculated range sizes using both the grid-cell method and the MCP method, monthly, annually, and for the entire 16-year study period.
Definitions
High-use area: Fewest grids that account for 50 % of the total number of grids used (including multiple uses of a grid) in a given period. We also calculated the MCP size of this high-use area.
Barycenter: Mean coordinates of all grids used (including multiple uses of a grid) in a given period.
Overlap index: To see grid use overlap in the same month in different years, the ''overlap index'' is defined as follows:
Here we only consider whether grid i is used or not in a given month. Y is the total observation years, x i is the number of years that grid i was used (thus the range is 1 to Y), and N is the total number of grids used at least once during Y years. Therefore this index ranges from 0 (all x i is 1, no overlap at all in Y years) to 1 (all x i is Y, complete overlap).
Saba season: Former studies have emphasized the importance of Saba comorensis fruits at Mahale (Turner 2006; Itoh and Nishida 2007; Nishida 2012) . Saba is a large liana species that sometimes spans the crowns of several trees. Among all M group's plant foods, this species grows at the highest density within their home range (Itoh et al. 2012 ). According to phenology study data (Itoh 2004) , Saba fruits are available at high density from August to January and are an important food during this period (Nishida 2012, p. 35) . Thus August to January is defined as the ''Saba season'' and the other months as the ''non-Saba season''.
We also divided all grids used during the entire 16-year study period into 6 blocks ( Fig. 1 ) and looked at differences in their use across years and months.
F (Far north): Northernmost (block) area of the home range located north of Mpila Valley. The area had been exclusively used by M group after the extinction of Kagimimi group (K group) in the 1980s (Nishida et al. 1985) , however in the late 1990s another unit-group, the Miyako group (Y group), began to use this area (Uehara 2002; . Currently this area overlaps the range of M and Y groups.
N (North): South of Mpila valley and north of Kansyana valley. There is a hill between these two valleys and the terrain undulates although overall the altitude is not high. The Y group chimpanzees seldom enter this block but when they vocalize in the F block they can be heard from the top of this hill.
M (Middle): Relatively flat with a well-developed semievergreen forest (Kasoje Forest). The area is used almost exclusively by M group.
W (West): Along the shore of Lake Tanganyika. Relatively flat with deciduous Miombo woodland. Exclusively used by M group. Former village settlements and, currently, tourist camps are in this block.
E (East) Steep slopes rising toward the Mahale Mountains, basically higher than 1,000 m. An unknown unitgroup was once seen to enter this area (Itoh et al. 1999) .
S (South): South of the Lubulungu River. It is the largest river within the range of the M group, and when it is 
Results
Home-range size and changes over 16 years Over 16 years, M group chimpanzees used 25.2 km 2 by the grid-cell method and 27.4 km 2 by the MCP method (Fig. 1) . Figure 2 shows the change of annual home-range sizes by MCP and Fig. 3 shows the grids used in these 16 years. Mean annual MCP range size was 18.4 km 2 (±2.56 SD). This is 66.9 % of the 16-year range, from the smallest at 13.9 km 2 (50.7 %) in 1999 to the largest at 22.2 km 2 (81.0 %) in 2001. Range size seems to have decreased in 1996-2000, soon after the most catastrophic decrease observed in M group's size since the beginning of the research (Nishida et al. 2003) . However, it increased again after 2001, and the difference between 1996-2000 and the other years was significant (Wilcoxon rank sum test, N 1 = 5, N 2 = 11, W = 0, p \ 0.01). As the number of researchers visiting Mahale per year did not differ between these two periods (N 1 = 5, N 2 = 11, W = 24.5, p = 0.77), any differences between years cannot be attributed simply to different research effort in different years. For high-use area sizes (Fig. 2, dotted line) , the MCP mean over 16 years was limited to 4.3 km 2 (±1.03 SD), which is 15.7 % of the total range size. Although the annual home-range size and pattern fluctuated, M group did not seem to shift or to change greatly its range use over the 16 years (Fig. 3 ). This concurs with data that show annual barycenters over 16 years to be concentrated in a small area, with the mean distance between them being only 0.47 km (±0.33 SD) and the largest being 1.42 km. The barycenters all fell within a 0.34-km-wide band in the eastwest axis and within a 1.42-km-wide band in the northsouth axis. However, there was a slight shift southward as the barycenter moved south following the years (Kendall's rank correlation test, s = 0.55, N = 16, p \ 0.05).
The accumulated area of the range (in grid-cells) reached only approximately 70 % of the overall home range in the first year, and there was little increase in the second year (Fig. 4) . Even after 5 years, the cumulative area was only about 80 % of the total, and it reached 95 % only after 11 years. A new place was used even in the 16th year.
For changes in block use, it seems that N and F blocks declined in recent years (Fig. 5) . Proportion of use of N and F blocks negatively correlated with year (s = -0.63, N = 16, p \ 0.001). No significant correlation with year was found for other blocks, but the number of months that chimpanzees visited the grids in E block more than 10 times increased significantly by year (s = 0.57, N = 16, p \ 0.01). (Table 2 ), but not all years followed this pattern. The overlap index was smallest in June and largest in October (Table 2) , which means that M group tended to use different places in June. In the Saba season, however, mean range size was larger (Wilcoxon rank sum test, N 1 = 6, N 2 = 6, W = 3, p \ 0.05) and overlap index was greater (N 1 = 6, N 2 = 6, W = 0, p \ 0.01) than those for the nonSaba season. Also, the mean distance of barycenters was smaller (N 1 = 6, N 2 = 6, W = 35, p \ 0.01) in the former than in the latter.
For average monthly use of the blocks (Fig. 6) , chimpanzees most often used the M block in any given month, but the proportion differed month by month. This may be related to the stability of the ranging pattern of the month, i.e., June, the month with least use of the M block, was also the month with smallest overlap index. Also, the mean distance of barycenters in June was 1.64 km (±1.13 SD), which was the greatest for all months ( Table 2 ). The distance between barycenters for June 1998 and June 2009, especially, was largest (5.46 km) of all, and this was more than half of the longer diameter of the range. In December, however (when use of M block is the highest), although the overlap index was not the largest, the mean distance of barycenters was the smallest for all the months.
Discussion

Long-term change of range use
The home-range size of the Mahale M group is well within the range of variation of other populations of chimpanzees' home ranges (Table 1) . Their current range size is similar to that calculated in the 1980s (Hasegawa 1987) , implying stability of home-range size over long time spans. Yet annual home-range size also fluctuated at Mahale, as reported at several research sites. The ratio of least range size to the most was 63 % (13.9 km 2 /22.2 km 2 ) in Mahale. Comparable values from other study sites are 45 % (5.4/ 12) at Gombe (Williams et al. 2002) , 39 % (14.9/37.8) at Kanyawara (Chapman and Wrangham 1993; Wilson et al. 2001), 82 % (28.5/35 .2) at Ngogo (Mitani et al. 2010) , 70 % (6.8/9.7) at Budongo (Fawcett 2000; Newton-Fisher 2003) , and 53 % (13.9/26.4) at Taï North (Lehmann and Boesch 2003) . Although there may be several reasons for variation across years, all of these long-studied unit-groups experienced 39-82 % change. Thus, it is usual for chimpanzees to increase their annual range size by up to twice or reduce it by half. The data from Mahale showed that they typically used only 70 % of total home range in a year, and 95 %-use was achieved only after 11 years. This suggests that a one-year period is too short to estimate chimpanzees' potential home-range size, and some areas in the home range are not visited in a given year.
No apparent shift in range-use appeared in these 16 years, because the mean barycenter distance was less than 500 m, which is only 5 % of the longer dimension of the range. This may be comparable with a less than 300 m shift (6 % of the diameter) in Taï over 13 years (Boesch and Boesch-Achermann 2000, p. 133 ).
The high-use area that covered 50 % of their utilization took up only 15 % of total home range. Also the fluctuation of the annual size of the high-use area was very small. These results imply that M group routinely uses very limited and similar areas in concentration but it uses other places in their home range over a long time span.
Change of block use
Use of the two most northerly blocks gradually decreased year by year, which is consistent with the yearly barycenter gradually moving southward. This may be related to the existence of an unknown neighboring unit-group to the north, called the Y group, whose existence was confirmed early in the late 1990s . Although the Y group is not yet habituated, it often uses the F block, and when they vocalize it is easily heard from a hill in N block. However, we assume the Y group is smaller than the M group, because the Y group less often vocalized and because the Y group moved northward when M group's vocalizations approached from the south. Attack on an unknown infant (probably of a Y group female) by the M group chimpanzees was also observed in F block in December, 2000 (Kutsukake and Matsusaka 2002) . Judging from these observations, it seems the M group is dominant over the Y group so there is no obvious reason for M group to avoid Y group. However, if enough food is available in southern parts and if there is even a small risk to encounters, then chimpanzees may reduce their use of overlapping areas irrespective of the dominance relationships between unitgroups.
The E block (mountainous area) seems to have been visited more frequently recently. This may be because of changes in vegetation in the lower areas. After Mahale was designated a national park in 1985, local people who used to live near the lakeshore moved out of the park, abandoning some crop fields. Thus, the vegetation of lowland areas recovered over succeeding decades; the former grassland and bushes (abandoned field and settlement) are now mature forest. This succession may have reduced some of the chimpanzee food-items in this area. For example, an important food Harungana madagascariensis was seen commonly in the 1990s in secondary forests after human disturbance, especially near the lakeshore. As a consequence of succession, we see few of this species in the same place. Another possible reason for more frequent visiting is the recent absence of a neighboring unit-group to the east. In 1998, an unknown unit-group made incursions into E block (Itoh et al. 1999 ) but this unit-group has not been seen again since then. In contrast with the northern blocks, we believe the M group more frequently visits the E block because of the absence of a neighboring unit-group there.
Demography and range size
Changes in the annual range size at Mahale were positively correlated with unit-group size. This positive correlation is likely to be a result of a large decrease in range size after 1996, when as many as 25 individuals disappeared for unknown reason (Nishida et al. 2003) . After 2001, their range size returned to its former size, as unit-group size began to increase again. Interestingly, these changes in range size correlated best with the number of adult females in the unit-group, but did not correlate with the number of adult males. This result contrasts with those from some previous studies in which the number of males was the best predictor of changes of range size (Gombe : Stanford 1999; Taï: Boesch and Boesch-Achermann 2000, p. 134; Lehmann and Boesch 2003) . It also differs from results showing no correlation between the number of females and range size (Gombe: Williams et al. 2004; Taï: Boesch and Boesch-Achermann 2000) . A lack of correlation does not disprove the male-defended boundary hypothesis because the number of males is a relative issue (Williams et al. 2004) . Also the smaller number of adult males than any other age-sex class may have prevented the correlation from reaching statistical significance for males. However, our findings suggest that females were more responsible for range size at Mahale. In Mahale, at least in the Saba season, chimpanzees form large nomadic parties including both males and females (Itoh and Nishida 2007) and range widely from north to south. Most of the unit-group members commonly reach peripheral areas of the range in this season. For example, on October 17, 2004, M group reached the second northernmost grids, traveling in a large nomadic party of 53 of 58 members, including mothers and infants. Similarly, on October 14, 2008, they reached the second southernmost grids with at least 44 of 61 members (Nakamura, personal observation) , although this number may be underestimated because of bad observation conditions. These grids were far inside the overlapping areas with neighboring unit-groups to the north and the south, respectively.
Such ranging characteristics at Mahale contrast notably with some other East African chimpanzee study sites. Females stay in far smaller core areas at Gombe (Wrangham 1979) and Kanyawara (Chapman and Wrangham 1993) , and females rarely visit boundary areas that overlap with those of neighboring unit-groups (Chapman and Wrangham 1993) . Ranging at Mahale in the Saba season may resemble more closely Taï, where females utilize 90 % of the males' range (Lehmann and Boesch 2005) or Budongo, where the males' range area totally overlaps that of the females (Fawcett 2000) . Such bisexual aspects of ranging and the importance of Saba to their ranging in the Saba season agrees with claims in previous reports from Mahale (Uehara 1981; Kawanaka 1984; Hasegawa 1990) .
Unlike fruiting trees that have a more patchy distribution, Saba fruits are more widely distributed because this large liana often spans the crowns of several trees and is extraordinary high in its density throughout the study area at Mahale (Itoh et al. 2012) . Thus chimpanzees feeding on Saba sometimes spread over several hundreds of meters but maintain their overall ranging direction (Itoh and Nishida 2007) . Saba is abundant but not restricted to a particular patch. Because of this characteristic of Saba, chimpanzees of M group may change their range sizes according to the number of females joining the large nomadic party.
Seasonality
Home-range size at Mahale was, on average, smallest in April and largest in August. This seems to correspond approximately with the availability of food resources. In April, few fruits are available (Itoh 2004) , so M group chimpanzees often spread out and range in small parties. However, in such seasons, observation is mostly concentrated on relatively large parties that use the central area of the home range. It is often difficult to find some individuals who range in small parties, because they do not usually vocalize, especially when they range in peripheral areas. Thus, use of such peripheral areas by small parties may be underestimated. On the other hand, August is the beginning of the Saba season and chimpanzees begin to gather together and range in a large nomadic party from north to south. In some years such peaks do not follow this pattern. This may be largely because of the availability of the fruits in the given year. However, we should also take into consideration different research efforts and the targets the researchers were following in that particular year.
Overlap across years was significantly larger in the Saba season than in the non-Saba season. So, in the Saba season M group chimpanzees tended to use similar areas every year whereas in the non-Saba season they tended to use different areas in different years, and even stayed in peripheral areas, probably following the different fruit species available. For example, instability of range use was most evident in June when the overlap of range use was smallest. In June 1994, chimpanzees mainly utilized Harungana madagascariensis near the lakeshore (Nakamura, personal observation). But in June 1998, they used abundant Mimusops bagshawei in the northern most area of their home range (Itoh et al. 1999; Itoh 2004) . In June 2009, they ate Canthium rubrocostatum and Toddalia asiatica in the southern part of higher-altitude areas (Nakamura, personal observation). Thus, even in the same month, they used completely different places and the largest barycenter distance was observed between June 1998 and June 2009. Such obvious seasonal differences of ranging differ from that reported at Taï, where range utilization was not strongly seasonal and there was no major shift in the center of activity or a shift in the areas used (Boesch and Boesch-Achermann 2000; Herbinger et al. 2001) . The Saba season in Mahale may be similar to the characteristic of Taï chimpanzees' ranging with no large shift in activity centers and relatively long distances traveled in a day. However, in the non-Saba season, they may concentrate more on patchily distributed food species that may differ year by year. Consequently, range size becomes smaller within a year but the areas used may differ from year to year. Such alternation of stable/wide ranging and unstable/small ranging in different seasons may be responsible for the unique characteristics of Mahale's chimpanzees.
Implications for future research
Our initial purpose in writing this paper was to quantitatively present basic information about the ranging behavior of Mahale chimpanzees. However, our results also provided several new areas for future research.
First, our results, for the first time, suggested the likely importance of females in home-range size variation. Thus further research is needed to investigate females' participation in the formation of a unit-group and the maintenance of its home range. Second, although inter-unit-group relationships seemed to affect changes in range use at Mahale, it may not simply be explained by dominant-subordinate relationships between two unit-groups. We need to investigate what other factors affect the changes in range use. Finally, the existence of a highly available species, Saba comorensis, seemed to substantially affect the ranging behavior of Mahale chimpanzees. Long-term monitoring of such unique chimpanzee-plant relationships and more detailed analysis of phenological change of such specific plant species will also be essential for better understanding of the ranging behavior of chimpanzees.
